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ABSTRACT 



In future conflicts, the projected expenditure rates of artillery ammunition greatly 
exceed the ability of the Marine direct support artillery battery’s ammunition 
transportation assets. It is therefore vital that the artillery battery commander be able 
to select the most effective mix of ammunition to carry on his organic transportation in 
a given tactical situation. Linear programing is a tool which the batter}' commander 
can use to help solve this important problem. This thesis provides a linear program to 
assist him in this solution. In addition, with slight modification, this linear program can 
be of use to commanders at all levels of the Marine artillery organization. 
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I. INTRODUCTION 



A. BACKGROUND 

This thesis deals with proposed future artillery ammunition expenditure rates, 
artillery ammunition allocations, and the inability of the Marine direct support artillery 
battery to carry its entire requirement/ allocation into combat. 

B. OBJECTIVES 

The primary objective of this thesis is to develop a decision support model using 
linear programming which will assist the direct support artillery battery commander in 
determining what the most effective mix of available ammunition will be. given the 
tactical situation. 

In addition, the secondary objectives of this thesis are to examine; 

(1) The characteristics, capabilities, and uses of each type of artillery round 
provided in the different ammunition allocations and determine a method by 
which the artillery commander can systematically turn his intuition and 
military experience into a quantitative measure of effectiveness (MOE). which 
can be used in the decision support model. 

(2) The current ammunition hauling transportation assets of the Marine direct 
support artillery battery and their use. 

C. SCOPE, LIMITATIONS, AND ASSUMPTIONS 

The major thrust of this thesis is the development of a decision support model 
using linear programming, which the artillery battery commander can use as an aid in 
determining the most effective mix of ammunition to be carried by the available 
organic transportation in a given tactical situation. This mix of ammunition is called 
the battery's prescribed load and it is composed of two standard ammunition 
allocations. The basic allowance (BA), and the daily supply rate called a 'day of 
ammunition' (DOA). The ammunition available for the battery's prescribed load is 
large and bulky, and the battery in most cases will be unable to carry its total 
allocation on the available transportation in a single lift. Therefore, choices must be 
made as to what mix of ammunition should be carried and what should be left behind 
for pickup at a later time based on the reexecution of the decision support model. 
Additionally, these choices will change as the tactical situation changes and as 
additions deletions to the battery's transportation assets occur, due to combat losses. 
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maintenance, and requirements levied on the batten - by the artillery battalion. Thus, 
there is a requirement for the decision support model to be as simple as possible and 
easy to use, so that it can be executed as many times as necessary throughout the 
operation, given the new and changing tactical situation. The decision support model 
developed in this thesis could be used for any artillery organization with slight 
modifications, but for the purpose of simplicity during the inital development, this 
thesis deals strictly with the current Marine direct support artillery batten composed of 
eight M19S howitzers. 

D. METHODOLOGY AND LITERATURE REVIEW 

Research data was requested and collected from major Marine Corps offices 
responsible for artillery, ammunition, ammunition procurement, logistics, and fire 
support. Data was also collected from Marine Corps orders, tactical manuals, 
operating manuals, standard operating procedures, studies, and articles. In addition, 
experts and current members of the Fleet Marine Force artillery' organization were 
interviewed to determine how the decision making process functions and to gain factual 
information which was not contained in the written material. 

E. SUMMARY OF FINDINGS 

A simple linear program was developed which can be easily applied by the direct 
support artillery battery commander using existing commercial software. In addition, 
software could be developed for use with the battery's organic computer system called 
the Backup Computer System tBUCS). 

F. ORGANIZATION OF STUDY 

In the following chapters of this thesis we will first look at the direct support 
artillery battery's organization, employment, and assets along with the types of artillery 
ammunition most commonly used in support of the maneuver force. In Chapter III. 
we will take a closer look at linear programming and develop the general version of the 
actual decision support model. Chapter IV then applies the decision support model 
developed in the previous chapter to a specific scenario as an example of how the 
commander would use the model in the determination of the most effective prescribed 
load for the given scenario. Chapter V then offers some conclusions and specific 
recommendations for further study. 
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II. ARTILLERY ORGANIZATION AND PROJECTILES 



A. INTRODUCTION 

To assist artillery commanders to properly solve the problem of making the most 
effective and economical choices of ammunition to carry on-board organic 
transportation in a given tactical situation, a closer look at two major components of 
the problem is required. 

The first component requiring closer examination is the battery itself. We will 
review its mission, organization, structure, and the transportation assets, highlighting 
those assets which will be used in the transportation of ammunition. 

The second component is the ammunition used by the direct support artillery 
battery in the accomplishment of its mission. In this portion we review artillery 
ammunition in general and give a detailed description of each type of artillery round 
commonly used by the direct support artillery battery. 

B. MARINE DIRECT SUPPORT ARTILLERY BATTERY 

1. Mission 

In general, the mission of the field artillery is threefold: 

(1) To provide close and continuous fire support. 

(2) To give depth to combat, and 

(3) To achieve and maintain fire superiority. 

The primary mission of the Marine artillery battery is derived from the 
mission of its parent artillery battalion. For the purposes of this paper, we will be 
dealing with the Marine direct support artillery battalion and its assigned direct 
support mission. Additionally, in the direct support role, the mission of the artillery 
battery is the same, whether it is part of its parent battalion or it is independently 
deployed as part of a Marine Amphibious Unit. 

The direct support artillery mission requires the battery to assign forward 
observers to, and establish a liaison section with, the supported infantry battalion. The 
artillery assigned the direct support mission, through its parent battalion, is thus 
immediately responsive to the fire support needs of a specific maneuver battalion. The 
direct support unit must position itself to provide close continuous fires to the 
supported maneuver force and must coordinate its planned fires, both scheduled and 
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on call, with the battle plans of the maneuver commander. The zone of fire of the 
direct support unit is the zone of action of the supported unit. The direct support unit 
responds to calls for fire, in priority, from forward observers with the supported unit, 
from other observers, and from the force artillery headquarters. The direct support 
mission is the most decentralized of all tactical missions. [Ref. 1: p. 17] 

2. Organization/Structure 

For the purposes of this paper and the development of the decision support 
model, we will be dealing strictly with the direct support artillery battery, which is 
equipped with eight M19S, 155mm towed howitzers. 

The direct support batten.’ is composed of 186 marines and is divided into a 
battery headquarters and two, four-howitzer firing platoons (see Figure 2.1). The 
batten. - headquarters is composed of a headquarters section, a communications section, 
a maintenance section, a medical section, and a liaison section. The two four-howitzer 
firing platoons are composed of a platoon headquarters, a fire direction center, and 
four howitzer sections. Additionally, each firing platoon is augmented with assets from 
the batter>' communications and medical sections. 

The split battery concept of operations allows for greater survivability through 
dispersion and facilitates simultaneous engagement of multiple targets and continuous 
coverage during displacements, since each platoon is capable of autonomous 
operations. However, the preferred method of engagement is to mass the battery's (ire 
on a single target. Command and control is extended to the firing platoons through 
their organic fire direction center, firing platoon commander, and intrabatten.’ 
communications. 

When deployed (see Figure 2.2). the firing platoons of the batten have a 
frontage of approximately 400 meters and a depth of 200 meters. Additionally, the 
platoons are separated from each other by between 400 and 1600 meters. Limited 
logistical support is provided from the battery headquarters, whose location may be 
separate or collocated with one of the firing platoons. [Ref. 2: p. J-l] 

3. Battery Transportation Assets 

The direct support artillery battery possesses transportation assets as outlined 
in Table 1. 

Those transportation assets of particular concern in deriving a decision 
support model for the solution of this ammunition choice problem are the twenty 
MS 13. five ton trucks and the ten, M105A1, one and one half ton trailers. The eleven, 




Figure 2.1 Marine Direct Support Artillery Battery. 

M99S. one and one quarter ton trucks are used as command and radio vehicles, and 
they are generally not available for the transportation of artillery ammunition. A 
typical distribution and use of these potential ammunition hauling transportation assets 
is outlined in Table 2. Additionally, the important characteristics of each of these 
vehicles are listed in Table 3. 

Data in the tables reveals that there is not a great deal of ammunition hauling 
capability contained within the assets of the direct support artillery battery, especially 
when one considers the projected expenditure rates of between 71 and 550 rounds per 
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Figure 2.2 General Deployment of Direct Support Battery. 
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TABLE 1 

BATTERY TRANSPORTATION ASSETS 



VEHICLE TYPE 


1 

QUANTITY 

1 

1 


| 

Trailer, 1. 5 Ton, M105A1 


10 


Trailer, Water, M149A2 


2 


Truck, 1. 25 Ton, M998 


11 


Truck, 5 Ton, M813 
i_ 


20 



TABLE 2 

USES OF BATTERY TRANSPORTATION ASSETS 



USE 

| 


QUANTITY 
M813 M105A1 


NUMBER OF 
ROUNDS CARRIED 
EA. TOT. 


Howitzer Prime Plover 


8 




54 


| 

432 


FDC 


2 








Platoon Supply 


2 








Battery Supply 


i 


1 






Battery Maint. 


1 


1 




1 


Platoon Comm, 




2 




! 


1 

Battalion Requirement 


3 


3 




j 


Battery Ammunition 


3 


3 


96 


238 


TOTAL 


20 


! 10 




720 

i ! 



howitzer per day for future conflicts, (see Appendix A). This problem becomes 
particularly acute when assets must be given up to battalion requirements or they are 
completely left behind due to amphibious shipping limitations. Additionally, 
maintenance takes its own toll on these valuable assets. Thus the loss of these trucks to 
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TABLE 3 

CHARACTERISTICS AND CAPABILITIES OF AMMUNITION HAULERS 



VEHICLE 


CARGO AREA 


MAX. PAYLOAD 


1 

MAX. TOWED 










LOAD 




FT 2 


FT 3 


( lbs) 


( lbs) 


M813 


98 


550 


10,000 


15,000 


M105A1 


56 

i ! 


211 


3,000 


NA 



whatever means, and the "shortage of ammunition vehicles will prove to be the 
Achilles' heel of the batten - " [Ref. 3]. 

Recent U.S. Army field experience under expected combat conditions has 
shown that; 

The lack of batten ammunition trucks proved particularly problematic during 
displacements. Because the batten had no on-site ammunition trucks, most 
incoming rounds were downloaded to the ground and distributed piecemeal to the 
howitzers as needed. When ordered to displace, batten personnel loaded all the 
rounds they could on prime movers and left the remainder stockpiled for later 
pickup. If the battery had to displace hastily, crews simply abandoned stocks on 
the ground; howitzer prime movers departed with what they had on board at the 
moment. 

The lack of battery ammunition trucks degraded the combat effectiveness of 
the firing batten and. in the long run, placed a tremendous burden on the supply 
system. The battalion's leaders did consider ... pressing into service the battery's 
maintenance and supply trucks to move ammunition. However, the typical load 
of basic issue items completely filled the trucks. Use of the maintenance and 
supply trucks, although feasible in an extreme emergency, would result in the loss 
of their cargo. What's more, there would be little time in an emergency situation 
to load these trucks with ammunition. [Ref. 4; pp. 2S-29] 

From the above account, it is obvious that to be successful in his mission, a 
commander must insure that his available ammunition carrying capacity is constantly 
loaded with a mix of ammunition, which will best meet the needs of the tactical 
situation. Let's now take a look at these different types of ammunition and their uses. 
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C. 155MM ARTILLERY AMMUNITION 

1. General 

The 155mm artillery ammunition used in the direct support artillery 7 battery is 
classified as separate loading ammunition. This means the ammunition has four 
separate components which are issued individually. These components are the fuze, 
projectile, propellant, and the primer. At the howitzer, the fuze is mated with the 
projectile and this assembly is then loaded into the howitzer. The proper amount of 
propellant is then loaded into the howitzer and the breech is closed. Finally, the 
primer is inserted and the howitzer is ready for firing. 

Each component of the 155mm separate loading artillery ammunition, except 
for the primer, comes in several varieties for different uses and effects. In addition to 
the following descriptions each component and its corresponding logistics data is listed 
in Table 4. The definitions of different artillery ammunition allocations and terms are 
contained in Appendix B. 

2. Fuzes 

The purpose of the fuze is to either detonate the projectile or expel the 
contents of the projectile at the proper time. 

The most commonly used are the impact fuzes, M557, M572, or M739. These 
fuzes are used to detonate the projectile when it impacts with the target. These three 
fuzes function similarly and have two settings. The first is the superquick setting 
designed to cause the projectile to burst at the instant of impact allowing most of the 
explosive effect to take place above ground. The second setting is the delay setting 
causing a .05 second delay in detonation which allows the projectile to penetrate the 
target, such as a bunker prior to detonation. 

The other type of impact fuze is the M7S concrete piercing fuze. This fuze is 
used for the destruction of hardened fortifications and is seldom used because artillery 
is an area weapon rather than a point destruction weapon. 

The next major group of fuzes are the mechanical time and proximity fuzes. 
These fuzes cause the projectile to detonate above the target. 

The mechanical time fuzes. M501A1, M564, M577, and M5S2. in addition to 
their mechanical time function, have a superquick function allowing them to detonate 
the projectile if it impacts prior to the time setting on the fuze. The M501A1 fuze is 
used only on smoke projectiles. The M564 and M582 fuzes are used on high explosive 
and white phosphorous projectiles. Finally, the M577 fuze is used on the base ejecting 
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